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VALVE SPRING RETAINER 

TECHNICAL FIELD 
[0001] The present invention relates generally to valve spring retainers used in 

automobile engines and, more particularly, to a durable valve spring retainer for use in high 
performance engines such as those used in race cars. 

BACKGROUND 

[0002] Traditional valve spring retainers, such as those used in most automobiles, are 

made out of steel. In high performance racing (NASCAR,etc.), engine performance is 
measured in grams of weight removed from the valve train, so valves and spring retainers that 
are lighter can substantially improve the performance of the engine. Aluminum is generally 
too soft and not strong enough to be used for valve spring retainers, while steel is generally 
too heavy. It is known to use titanium as an alloy for valve spring retainers because it is about 
40% lighter than steel for comparable strength. However, in high performance racing engines 
the titanium can gall or wear too easily. For example, in a 500 mile Winston Cup race the 
wear surface on the retainer can loose up to about 0.060" of material, or installation height, 
by race end. This loss of material can equate to a 5-10% loss of power in the engine. As 
races are typically won and lost in the last 25 laps, it is apparent that the valve spring retainer 
wear can have a significant impact on the success of any racing team or car. 
[0003] In the past, various attempts to address the wear problem have been made, 

including attempts to coat the spring seat with a wear resistant coating, having a thickness in 
the range of about 50- 100 millionths of an inch, such as Chrome, Diamond Like 
Carbon(DLC) using impingement (shot peening), and Titanium Nitride. However, such 
attempts have not proved especially satisfactory. 

[0004] Accordingly, it would be desirable to provide a valve spring retainer that is 

lighter than steel and yet has improved wear characteristics over previously known titanium 
alloy valve spring retainers. 
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SUMMARY 

[0005] In one aspect, a valve spring retmner includes a titanium alloy body portion - - 

including an opening therethrough for receiving a valve stem, and at least one step disposed 
about the opening. A tungsten carbide layer is bonded to the titanium alloy on the step to 
define, at least in part, a wear resistant spring seat for engaging an end of a spring. 
[0006] A method of manufacturing a valve spring retainer involves (a) machining a 



titanium alloy material to produce a retainer body having an opening therethrough for 
receiving a valve stem, and at least one step disposed about the opening; (b) roughening a 
portion of the step; (c) applying a tungsten carbide coating to the roughened portion of the 
step via an HVOF process; and (d) smoothing the tungsten carbide coating to provide a wear 
resistant spring seat surface on the step. 

[0007] In another aspect, a valve spring retainer includes a body portion having an 

opening therethrough for receiving a valve stem, the body portion including at least one step 
disposed about the opening, the step being of a first material. A coating of a second material 
is bonded to the first material on the step to define, at least in part, a spring seat for engaging 
an end of a spring. The second material is more wear resistant than the first material, and the 
second material is a tungsten carbide material. 

BRIEF DESCRIPITON OF THE DRAWINGS 
[0008] Fig. 1 is cross-sectional view a valve spring retainer; 

[0009] Fig. 2 is a cross-section view of a portion of the body of the retainer of Fig. 1 

prior to application of a coating; 

[0010] Fig. 3 is a cross-section of the portion of the body of the retainer including the 

coating; 

[0011] Fig. 4 depicts a retainer fixture that may be used during an HVOF coating 

process; and 

[0012] Fig. 5 shows the valve spring retainer of Fig. 1 with associated valve springs 

and valve stem. 
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DETAILED DESCRIPTION 

[0013] Referring to Fig. 1, a diametrical cross-section 

partially completed valve spring retainer 10 is shown. The retainer 10 is generally 
symmetrical about axis 12, and includes a retainer body 14 having a central collet 16 with a 
through opening 18. The body includes a first annular step 20 disposed about the collet 16 
and opening and a second annular step 22 disposed about the first annular step 20. The steps 
20 and 22 are at different elevations on the body 14. The body 14 may be formed of a 
titanium alloy material such as Ti64, Ti62s, Til 7 or Til 1 . Another, more wear resistant 
material, such as tungsten carbide, is provided on each step 20 and 22 as layers or coatings 24 
and 26 to define two annular, wear resistant spring seats on the steps. 
[0014] In the illustrated embodiment the retainer body 14 includes lips 28 and 30 

circumscribing the layers 24 and 26 for reducing damage to the outer edge of the tungsten 
carbide layers during contact by an end of a valve spring. However, it is recognized that 
embodiments in which the lips 28 and 30 are omitted are possible. 

[0015] Referring now to Figs. 2 and 3, a manufacturing process for the valve spring 

retainer is described. In particular, a titanium alloy material is machined to produce a retainer 
body, as partially shown in Figs. 2 and 3, having opening 18 therethrough for receiving a 
valve stem, and steps 20 and 22 disposed about the opening 18. CNC machining may be 
utilized. Undercuts 32 and 34 are machined into the steps 20 and 22 respectively, providing 
lips 28 and 30 along the outer edges of the steps. The undercuts 32 and 34 are intended to 
receive the more wear resistant tungsten carbide material. In order to facilitate a better bond 
between the titanium alloy of the retainer body and the tungsten carbide, the surfaces defining 
the undercuts 32 and 34 are roughened. By way of example, a media blasting technique may 
be used to roughen the undercuts. The tungsten carbide coating can then be applied in the 
undercuts, as by a high velocity oxygen flame (HVOF) coating process. In such a process, an 
oxygen and fuel combination is used to heat a tungsten carbide powder or wire into molten or 
near molten form, which is accelerated through a nozzle to a high velocity and is directed onto 
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the surfaces to be coated. In one embodiment, the tungsten carbide material utilized in 
connection with the HVOF process i is "Sultzer Metco 5803 reflected in the specification table- — 
below: 

Sulzer Metco 5803 

(WC 12Co) 25(Ni-Based Superailoy) 
-45 +11 |jm (-325 mesh +11 pm) 
Blend 

Air Plasma, HVOF, 

Properties & Ideal for hard chrome replacement. 
Applications: Excellent corrosion resistance and easy 

machinability. Coatings resist abrasion, 

fretting and fatigue cracking. 

It is recognized that other tungsten carbide materials might also be used, and is some cases 
other materials having suitable wear resistant characteristics might be used in place of 
tungsten carbide. The retainer 10 may be assembled in a fixture designed to hold the retainer 
on a spinning disk during the HVOF coating process. Referring to Fig. 4, the fixture may be 
formed by a cylindrical base 50 to one side of the retainer 10. A brass cap 54 is fitted over the 
collet to prevent the collet from being coated. A head portion 56 of the brass cap 54 includes 
an opening 58. A fastening mechanism, such as a bolt 60 with a threaded shaft 62 is 
positioned against the cap 54 with the shaft 62 threaded into an opening of the base 50. The 
base can then be held in an opening of a spinning disk and the coating applied to steps 20 and 
22 using the HVOF process. 

[0016] Once the tungsten carbide layers 24 and 26 are applied, they are smoothed to 

produce the final, wear resistant spring seat surfaces on the steps. The layers may be 
smoothed to an Ra surface finish of 6 microns or less. In one embodiment, the retainer is 
spun and ground using a diamond cup wheel, and during the grinding operation the lips 28 

-4- 



Chemistry: 

Particle 

Size: 

Morphology; 
Processes: 
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and 30 are also ground slightly to provide a smooth transition from the tungsten carbide layers 
24 and 26 to the lips 28 and 30. " After grinding, the retainer is checked on a height gauge to - - 
confirm the tungsten carbide coating thickness and proper install height of the retainer. In an 
alternative embodiment, the layers may be polished using a CNC lathe machining process 
with a cubic boron nitride or diamond tipped tool. 

[0017] In one example, the tungsten carbide layers on the steps are at least about 

0.001 inches thick and less than about 0.010 inches thick, and may be between about 0.004 
inches and about 0.007 inches, with one preferred thickness being about 0.005 inches. 
However, it is recognized that embodiments in which the thickness of the tungsten carbide 
layers are outside these dimensions may be possible. 

[0018] The resulting retainer, with the tungsten carbide layers on the steps, results in 

spring seats that are extremely resistant to wear and that will loose little or no installation 
height over the course of a typical 500 mile Winston Cup race, providing an advantage over 
engines/cars having retainers that have lost installation height. While the tungsten carbide 
HVOF process addresses the wear durability extremely well on a lightweight titanium 
retainer, it is recognized that other materials might also be suitable to achieve the same or 
similar results. 

[0019] Fig. 5 depicts a valve spring retainer assembly including retainer 10 with a 

concentric pair of springs 70 and 72 disposed about a valve stem 74 that passes through the 
retainer 10. Spring 70 includes an end seated against the tungsten carbide layer 26 and spring 
72 includes an end seated against the tungsten carbide layer 24. A typical high performance 
racing engine would include such an assembly for each valve of the engine. 
[0020] Another embodiment of a valve spring retainer is illustrated in Fig. 6. In this 

embodiment a portion 100 is made of a titanium alloy and a separate shim (i.e., a piece 
designed to set the position of the spring seat relative to the retainer body 100) 102 is 
positioned on a step 104 of part 100 to produce the final elevation of a step of the assembly. 
Thus, in this embodiment, the retainer body is formed by the combination of part 100 and 



Attorney Docket No. 057069-008 
Patent Application 

shim 102. The shim 102 includes a tungsten carbide layer 106 on exposed side 108 to act as 
the spring seat. In one embodiment, the shim is formed of a steel maferial,~but otherrlighter 
materials could be used. Application of the tungsten carbide layer to the shim may be into an 
undercut on the shim by the aforementioned HVOF process. In normal operation the shim 
102 may be held against the retainer body 100 via the action of the valve spring. The 
illustrated shim 102 is annular in shape, but variations are possible. The outer and inner edges 
of the exposed side 108 of the shim 102 can include peripheral lips as shown at 1 10 and 112, 
but in other embodiments the lips may be eliminated. Collet 1 16 and through opening 1 18 are 
also shown. 

[0021] It is to be clearly understood that the above description is intended by way of 

illustration and example only and is not intended to be taken by way of limitation, and that 
changes and modifications are possible. 
[0022] What is claimed is: 



